ABSTRACT The objective of this study was to evaluate the effects of the wooden breast (WB) condition on the texture of cooked broiler breast fillets (Pectoralis major) after fresh and frozen storage. Texture characteristics of normal (NORM) and severe WB fillets were studied by both sensory descriptive analyses and Warner-Bratzler shear force. Broiler breast fillets were collected over 3 separate trial days from a commercial deboning line at 3 h postmortem, classified according to the wooden breast condition, and then stored at either 4
INTRODUCTION
The wooden breast (WB) is a defective condition in broilers localized in the cranial part of the breast fillets (Pectoralis major). Visually, WB is characterized by a bulge of turbid pale color, often accompanied by white-striped tissue parallel to tissue fibers (Sihvo et al., 2014) . This condition, originated by the myodegeneration of muscle cells, is also recognized by its hard consistency that resembles a wood-like texture and therefore is commonly referred to as "woody" or "wooden" breast. The causes of WB are not fully understood, although it has been reported that its incidence is related to heavy birds subjected to genetic selection for rapid growth (Mudalal et al., 2015) . The practices that promote fast growth in broilers in the poultry indus-try help to increase the meat productivity (Dransfield and Sosnicki, 1999) ; however, it has been found that birds undergoing rapid growth often express histological and biochemical modifications in the breast muscle (Petracci and Cavani, 2012) . Histopathological studies in the muscle of WB chicken breast showed myodegeneration of cell tissue, with higher necrosis and larger accumulation of connective tissue (Sihvo et al., 2014) . Studies of white striping, another condition affected by myodegeneration, in chicken breast revealed a decrease in the amount of total crude protein of the myofibrillar fraction when compared to normal chicken breast Petracci et al., 2014) . As protein content plays an important role in their functionality during the processing of meat (Petracci et al., 2013) , these changes may also affect meat quality such as dripping loss, water-holding capacity, and texture attributes (Mudalal et al., 2015) . Moreover, a report by AlvarezManilla et al. (2015) showed changes in myofibrillar and sarcoplasmic proteins of WB meat and concluded that these modifications contribute to a higher shear force and lower water holding when compared to normal breast.
The increasing incidence of WB in poultry production is a concern and its effect on the quality may lead to economic strains on poultry production. As a result, the industry strives to establish higher quality standards and improvement of sensory characteristics (Petracci and Cavani 2012) . The introduction of novel processing modalities adds concerns about satisfying consumer expectations in the industry. Unfortunately, the impact of the WB condition on instrumental and sensory texture attributes of cooked breast meat is not well defined. Furthermore, it is also important to understand how common meat handling and storage practices influence sensory attributes in WB fillets. Breast meat is often frozen and thawed prior to cooking and consumption, which has been shown to alter texture attributes (Zhuang and Bowker, 2014) .
The objective of this study was to analyze the sensory texture characteristics and shear force of cooked breast meat after storage at 2 different temperatures (4
• C and -20
• C) and determine what sensory texture attributes are affected in cooked breast meat by the WB condition.
MATERIAL AND METHODS

Sample Collection and Physical Measurements
Broiler breast fillets were collected from the deboning line of a commercial processing plant on 3 separate trial days. Breasts were taken from the deboning line at 3 h postmortem, packed in plastic bags on ice, and transported (40 min) to the U.S. National Poultry Research Center (Athens, GA). Breasts were trimmed to remove fat and connective tissue and then weighed prior to evaluation of meat pH and color at approximately 6 h postmortem. The pH of each breast fillet was taken in the cranial end using a spear tipped meat pH probe (HI99163, Hanna Instruments, Inc., Woonsocket, RI). Color (CIE L * a * b * ) was measured on the dorsal surface of each fillet with a Minolta CM-700d spectrophotometer (Konica Minolta, Ramsey NJ) with setting of illuminant D65, 10
• observer, with no specular component, and 8 mm aperture. Defects on the meat surface, such as bruises or discoloration, were avoided.
Fillet Classification and Treatments
Breast fillets were categorized as normal, moderate, or severe based on the degree of the WB condition (Sihvo et al., 2014) . Normal fillets did not show any signs of the WB condition based on visual inspection and sample palpation. Moderate fillets exhibited diffuse hard areas on the cranial and a slight ridge-like bulge at the caudal end. Severe fillets exhibited extensive hardened areas and rigidity throughout the entire fillet as well as a substantial ridge-like bulge at the caudal end. After classification, breast fillets were individually vacuum packed. On each of the 3 separate trial days (replicates), only 16 normal (NORM) and 16 severe WB were selected for texture analysis. Within each category samples were further divided into groups of 8 fillets each for subsequent storage at either 4
• C or -20
• C prior to cooking and preparation for sensory and instrumental texture evaluation. All fillets were cooked on day 5 after they were collected from the processing plant. Fillets stored at -20
• C were thawed overnight at 4
• C before cooking.
Cooking and Fillet Sampling
All fillets were cooked in the vacuum sealed bag used for storage. Cooking was carried out in a Henny Penny MCS-6 combi oven (Henny Penny Corp. Eaton, Ohio, USA) on the Tender Steam setting at 183
• F (83.88
• C). Fillets were cooked ventral side up in stainless steel oven pans to an endpoint temperature of 76
• C in the thickest part of the fillet. A thermocouple system (Thermalert TH-8) with hypodermic needle microprobes (Type MT-23/5, Physitemp Instruments, Inc., Clifton NJ) was used for temperature monitoring. After cooking and prior to preparation for texture analyses, the samples were allowed to rest for 5 minutes. Cooked fillets were then removed from the bags, patted dry with paper towel (Wypall, Kimberly-Clark, used specifically to avoid residuals in samples), and weighed for the calculation of cook loss (%). From each cooked fillet, 2 strips (A and B) from the cranial section were removed. The strips, 1.9 cm wide, were cut parallel to the muscle fibers of the cranial sections following the diagram presented by Lyon and Lyon (1996) . Section A from each fillet was used for sensory panel evaluation, while section B was used for instrumental texture evaluation (Warner-Bratzler shear force).
Sensory Evaluation
Sections A of each fillet were cut in 1.2 cm cubes. For the WB fillets, portions corresponding to ventral and dorsal sides were also selected for sensory evaluation. Once cut, these pieces were placed in covered aluminum foil cups and maintained at 45
• C in a holding cabinet oven (Henny Penny MP-941 Corp. Eaton, OH) for approximate 10 min prior to serving. Temperature was monitored during this time with an electronic thermometer (Thermalert TH-8) and hypodermic needle microprobes (Type MT-23/5, Physitemp Instruments, Inc., Clifton, NJ).
Samples were served by giving 2 meat pieces of each sampled section of the fillet to the panelists, one at one time. Samples were presented to the sensory panel using a randomized complete block design in a monadic order with a 15-min recess between samples. A set of reference samples for calibration was provided to each of the panelists, who were instructed to bite the meat with their molars by pressing the meat sample along the longitudinal directions of the fibers. The evaluations were carried out in individual booths provided with all references and materials such as water, apple wedges, and a-c Mean values with no common superscript in the same row are significantly different from each other (P < 0.05). Mean ± SD (n = 24). unsalted crackers to cleanse the palate between evaluations.
Sensory trials for each replicate were conducted by an 8 member trained sensory panel in meat texture profiling using a Spectrum-like descriptive analyses method in individual booth provided with computer software. Evaluation scores were recorded using Compusense R five software 5.4. Scores were based on a 0 to 15 line scale. Lexicon and references used for sensory evaluation were selected from those previously reported by Meilgraard et al. (2007) and Rutledge (2004) and developed in this laboratory (USDA-ARS, Athens, GA). A total of 10 texture attributes (presented in Table 1) were evaluated in order of appearance in perception: Phase I: springiness, cohesiveness, hardness and juiciness; Phase II: cohesiveness of mass, bolus size, wetness of mass, and fibrous texture; and Phase III: rate of breakdown and chewiness.
Instrumental Texture Measurement
Section B of each fillet was used for instrumental texture analysis. Peak shear force (kgf) measurements were carried out using a TA-XT Plus Texture Analyzer, equipped with Texture Exponent Version 4.0.13.0 software (Texture Technologies Corp., Scarsdale, NY) and a Warner-Bratzler shear blade attachment at a test speed of 4 mm/sec. Fillet meat samples (1.9 cm height strips) were sheared perpendicular to muscle fiber direction, as presented by Zhuang and Savage (2009) . Shear force was measured in 2 different locations on each strip, recorded and averaged for data analyses.
Statistical Analysis
Mean values of physical data and Shear force (Table 2) were separated with Tukey test, at a significance level of 0.05. Sensory data (Springiness, cohesiveness, hardness, juiciness, cohesiveness of mass, bolus size, wetness of wad, fibrous, rate of breakdown, and chewiness) were analyzed using the Proc Mixed (SAS Institute version 9.4) model. Least square means comparison was carried out for breast condition (Table 3 , NORM or WB) or muscle locations of WB (Table 4 , ventral and dorsal) where storage temperature and their interaction were also considered as main effects, and replication and panelists were considered as random effects for each variable. The means separation was performed utilizing the Tukey test at a 0.05 significance level. Table 2 show the means of raw and cooked weight (g), cook loss, and shear force (Warner Bratzlershear force, Kgf). For raw fillet weights, WB samples were significantly heavier than NORM breast fillets (470 g vs. 320 g), similar to previous reports (Dalle Zotte et al., 2014; Mudalal et al., 2015) . Significant differences were found in cook loss between NORM and WB fillets (Table 2) : WB fillets exhibited higher (P < 0.05) cook loss than NORM fillets following storage at either condition. Similar results have been found for chicken breast meat with myodegeneration and the WB condition (Dalle Zotte et al., 2014; Alvarez-Manilla et al., 2015; Mazzoni et al., 2015; Mudalal et al., 2015; Soglia et al., 2016) .
RESULTS AND DISCUSSION
Results in
Freeze-thaw had more of a detrimental effect on the cook loss of NORM fillets than in the WB fillets. The analyzed cook loss data showed that NORM fillets cooked after 4
• C storage had lower (P < 0.05) weight losses than NORM fillets cooked after −20
• C storage. However, no difference in the cook loss was noticed between 4 and −20
• C storages for the WB samples. Overall this information suggests that the WB condition affects muscle water retention capacity when chicken fillets are subjected to the cooking temperatures. Microscopic analyses in WB meat, presented by Sihvo et al. (2014) and Soglia et al. (2016) , indicate that the chemical composition of WB may affect water retention and cook loss.
In WB fillets, a noticeable texture differences were visually observed within the cooked samples during the performance of the present work. The ventral section of cooked WB fillets looked with more densely compacted fibers, while the dorsal section was less compact and showed the appearance of a porous texture on the perimeter of the fillet. Similar characteristics were noted by Dalle Zotte et al. (2014) in WB samples, who suggested that they were associated with hypertrophy of the tissue and abnormal fibers (Petracci et al., 2013) .
Average shear force values (Table 2) show that WB condition did not affect values in either storage condition. NORM and WB were not different (P > 0.05) after -20
• C storage. On the other hand, cooked NORM Table 3 . Least square mean comparisons of sensory texture attributes in the ventral section between cooked normal and wooden chicken breast (P. major) (Means ± SD, n = 24, replicates = 3). Mean values with no common superscript in the same column within the same effect are significantly different from each other (P < 0.05). Table 4 . Least square means comparisons of sensory texture attributes between the ventral and dorsal sections (Locations) of cooked wooden chicken breast (P. major) (Means ± SD, n = 24, replicates = 3). Mean values with no common superscript in the same column within the same effect are significantly different from each other (P < 0.05).
fillets stored at 4 • C had the highest (P < 0.05) shear force among cooked fillet samples, regardless of storage condition. Similar results were also reported by Dalle Zotte et al. (2014) when wooden and normal samples were compared after frozen storage.
Texture sensory profiles done by quantitative descriptive analyses for normal and WB fillets (Table 3) and for the ventral and dorsal sections of WB (Table 4) were analyzed for mean comparisons. Overall, the sensory data revealed that there was no effect of temperature storage for any of the evaluated samples, and no effect in juiciness, cohesiveness of mass, bolus size, wetness of wad, rate of breakdown, and chewiness (Tables 3 and 4) . Mean scores, obtained in cooked normal chicken breast, for cohesiveness, hardness, juiciness, rate of breakdown and chewiness, were similar to those of NORM fillets treated at similar conditions in our previous report (Sanchez Brambila et al., 2016) .
When NORM and WB were compared, it was WB which had a higher (P < 0.05) springiness and cohesiveness (Table 3 ). These data suggest that human may perceive differences when eating WB meat particularly during the first 3 bites.
When the WB ventral section was compared with the WB dorsal section (Table 4) , it was the attributes springiness, hardness and fibrousness that were perceived differently (P < 0.05) by the panelists. The ventral section exhibited higher scores in springiness, hardness and fibrousness (P < 0.05). These result implied that cooked WB breast have differences in texture along the transversal section of the muscle.
In conclusion, WB resulted in higher cook loss after 4
• C or −20 • C storage than NORM fillets. The WarnerBratzler shear force was lower in cooked WB breast fillets after 4
• C storage. The sensory texture analyses of cooked fillets showed that only springiness and cohesiveness was affected by the severe WB condition and that the cranial ventral and dorsal areas of WB muscle have differences in texture.
